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1 , 0  INTRODUCTION 


The  SEACON  barge  is  a  self-propelled  barge  operated  by  the  Naval 
Facilities  Engineering  Command  and  used  for  sea  construction  projects. 
Originally  built  as  a  U.  S.  Navy  YFNB-type  barge,  the  barge  lad  been 
operated  by  the  National  Aeronautics  and  Space  Administration  prior 
to  her  acquisition  and  conversion  by  NAVFAC.  The  barge  is  powered  by 
three  Voith-Schneider  cycloidal  nropulsors,  one  forward  and  two  aft, 
which  are  used  for  station  keeping,  maneuvering,  and  harbo’'  transit. 
Nor”  . '..?.y  the  barge  is  towed  from  its  homeport  to  the  operations  site. 
In  modifying  the  original  barge  a  considerable  portion  of  the  after 
skegs  were  removed  to  nrovide  space  fo’*  the  flow  of  the  race  from 
the  aft  propulsors.  While  the  original  YFNB  barge  was  renuted  to 
have  good  characteristics  under  tow,  after  the  conversion  the  SEACON 
demonstrated  a  tendency  to  veer  off  to  one  side  or  the  other  of  the 
tug  course,  a  characteristic  known  as  directional  instability. 
Giannotti  &  Buck  Associates,  Inc.,  was  contracted  to  investigate  the 
oroblem  by  means  of  model  tests  and  recommend  a  solution.  Central 
questions  to  be  answered  in  finding  a  solution  were;  What  prici’  would 
a  solution  extract  in  terms  of  increased  resi.stance,  and  would  c  solu¬ 
tion  affect  the  lateral  thrusting  caoability  of  the  SEACON 's  aft 


nropulsors? 


.2.0  DESCRIPTION  OF  EXPERIMENTS 


Arrangements  were  made  to  conduct  the  experiments  at  the  Ship 
Hydrodynamics  Laboratory  at  the  University  of  Michigan.  This  labora¬ 
tory  which  has  considerable  experience  in  tests  of  this  type,  has  as 
its  primary  facility  a  ship  model  towing  tank  313  feet  Ion;.;  by  20 
feet  wide  by  12  feet  deep.  A  1:32  scale  model  the  SEACON  was  con¬ 
structed  for  the  test.  Characteristics  of  the  model  and  the  full  size 
barge  are  given  in  Table  I.  The  model  was  designed  so  that  the  pro- 
pulsors  could  be  removed  and  replaced  by  fairing  pieces.  The  skegs 
could  also  be  removed  and  aft  skegs  were  fitted  so  that  they  could 
be  turned  at  various  angles  to  the  centerline.  Photographs  of  various 
features  of  the  stern  of  the  model  are  shown  in  Figure  1. 

For  the  directional  stability  tests  the  model  was  towed  by  cable 

from  the  towing  carriage.  Trials  indicated  that  the  length  of  tow  cable 

had  little  affect  on  directional  stability  characteristics.  A  length  of 
tow  cable  of  25  feet  model  size,  800  feet  full  size,  was  used  through¬ 
out  the  tests.  For  several  tests  the  tow  cable  was  rigged  to  a  short 
bridle  of  one  beam  scope  carried  from  the  foredeck.  A  sketch  is  shown 
in  Figure  2. 

Scale  effects  are  inevitably  nresent  on  directional  stability 
tests  o"  barge  models.  The  directional  stability  characteristics  of 
the  barge,  model  or  ship,  are  determined  by  a  delicate  lalance  of 
the  various  lateral  lift  and  drag  forces  acting  on  the  hull  and  the 
appendages.  The  boundary  layer  on  the  model  is  proport ionai’y  much 


thicker  on  the  model  than  on  the  ship,  and  thus  the  viscous  forces 


turned  15°  outboard.  pig,  id  Aft  skegs  turned  15°  outboard 

Installed.  with  flaps  installed. 


sure  2  Sketch  of  bridle  arranj^ement 


5 


are  more  prominent  on  the  model  than  on  the  ship.  The  net  effect  of 
this  is  to  create  a  situation  in  which  the  model  is  less  stable  than 
the  ship,  even  with  fully  turbulent  flow.  In  these  tests  a  trip  wire* 
was  mounted  just  aft  of  the  stem  to  insure  that  the  flow  regime  over 
the  model  surface  was  fully  turbulent.  Various  tanks  have  their  own 
criteria,  based  on  experience,  for  compensating  for  scale  effects. 

At  Michigan,  experience  has  shown  that  for  models  of  this  size  if 
the  double  amplitude  of  the  variation  from  the  intended  track  is  three 
beams  or  less  then  the  full  size  barge  will  tow  straight  and  true,  that 
is,  will  be  directionally  stable.  If  the  double  amplitude  of 
model  variation  is  greater  than  three  beams  then  the  prototype  can  be 
expected  to  either  wander  back  and  forth  across  the  intended  track, 
or  simply  veer  off  to  one  side  and  remain  there.  These  conditions  we 
define  to  be  directionally  unstable. 

Directional  stability  tests  were  conducted  in  a  variety  of 

aope’^dage  and  ballast  conditions,  ’^irst,  the  hull  w'ith  no  appendages 

was  tested  at  two  displacem.ents  (Tests  1.1,  1.2).  Text  the  original 

yyvn  skeg  configuration  was  tested  to  establish  a  baseline  for  corn- 

oar  Isons  with  known  prototype  characte'-istics .  The  effect  of  removing 

ske  ',s  with  only  the  V-S  prooulsors  regaining  was  examined  (Tests 

-  3.3).  The  original  SDACOM  skeg  configurati  was  tes-ed  at  5 

and  10  knots,  at  several  h.-Hast  conditions,  and  wnith  and  without 

’^r'dic.  '  -It,  various  angles  were  tried  on  the  a^*"  skegs  attempting 

to  achieve  stability  at  the  different  ballast  conditions  ("^ests  ''^.1  - 

ir.  ''a).  Flaps  were  then  installed  on  the  outboard  t-'kli-^g  edges  of  the 

sk'-'^s.  On  the  model  these  flaps  were  small  t’^iarguia"  wooden  pr'S"is-. 

*  A  .04"  wire  mounted  girthwise  to  "trip"  the  lami’^ar  houndarv  layer 
Into  the  turbulent  conditio".  See  ’^igure  2. 
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however,  on  the  full  size  barge  these  flaps  would  simply  be  built  up  of 
flat  plate  steel.  A  sketch  is  shown  in  Figure  3.  A  number  of  skeg  angles 
were  tried  with  the  flaps  installed,  at  each  of  the  displacements,  and 
with  and  without  bridle  (Tests  13.2a  -  70).  In  all,  70  directional 
stability  tests  were  conducted  with  16  mm  motion  pictures  being  taken  of 
selected  runs.  A  summary  of  all  the  tests  conducted  together  with  the 
results  is  tabulated  in  Table  II. 

Following  completion  of  the  directional  stability  tests,  resist¬ 
ance  tests  were  conducted  at  the  8.50-ft  and  11-ft  drafts  with  the  skegs 
in  their  present  configuration,  at  various  skeg  angles,  and  with  the 
flaps  added.  The  purpose  of  these  tests  was  to  assess  the  resistance 
increase  and  the  speed  loss  which  will  accompany  a  directional  stability 
solution.  Following  standard  Michigan  procedures,  the  model  was  towed 
by  a  towing  arm  attached  approximately  amidships.  Resistance  was 
measured  by  a  force  block  in  the  towing  linkage.  Yaw  restraints  were 
provi 'od  at  bow  and  stern.  As  in  the  directional  stability  tests  trip 
wire  turbulence  stimulators  were  used.  Also,  following  standard  prac¬ 
tice  the  dummy  V-S  propulsor  units  were  removed  and  replaced  with  fair¬ 
ing  pieces. 

Yc'':  of  the  resistance  tests  were  conducted  at  Condition  IIA,  the 
7.75'  X  ^.25'  draft  condition.  Tests  were  conducted  at  skeg  angles  of 
o'’,  it",  pn"  and  25°  with  flaps  and  at  0°  and  15°  without  '"laps.  One 
test  wr s  conducted  at  Condition  IVA,  the  10.0'  x  12. C  d’"aft.  A  1  told. 


thirtv  on^’  resistance  runs  were  made. 
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3.0  RESUMS 


3.1  DIRECTIONAL  STABILITY  TESTS 

Trials  with  various  le''"ths  ow  cable  indicated  little 

dif'^erence  in  the  amplitude  r'f  trace  ceviaticr.  f'-or  t-'s  source. 
Similarly  changing  the  speed  5  to  10  to  15  knots  ■•'■a:,  verv 

little  eifect. 

First  tests  of  the  bare  hull  T.oc.el  wit’^  no  ske.'s  or  dunr.v 
orooulsor  units  indicated  g’-^ss  instability  as  nyec:tpc'. 

Tests  with  the  origi''.-'!  '■"'N'B  skeg  arra.n.genf  nt  produced  a 
surprise.  The  model  towed  straight  apd  true  at  t’'e  .  5C-.'’t 
dra.'^t,  but  at  the  8.50-ft  draft  it  proved  to  be  unst,-;ble,  con¬ 
trary  to  the  reputed,  behavior  o'"  the  prototype.  No  ex.pianatior, 
is  offered  for  this. 

Tests  with  the  nresent  SEACON  skeg  con'^igvration  d.e~'.o"''-:t’"ate 
stability  an  light  draft  but  at  normal  and  '^ra.  n-  d'-a^'t'-  t'"''  “’''del 
was  unstable.  In  this  respect  observed  protetyne  behavior  1? 
confirmed. 

Exne’"iments  wi.th  t’^’c  barce  at  lev“l  trim  and  vi-th  trim  a.^t 
confirmed  the  gene'"’l  tendency  of  barg''"  to  r.m'^rove  i”'  di'“ef'tic'^al 
scnhilitv  with  trim  a'^t.  Tynicalln  bm^g^  -tahilitv  decc"' 
wit'-'  increasing  di-placpme-'t ,  a -d  t'-' m  t^' v')/'  a  . -o  clu-.r  i'- 
the  ''EACOX-  Ac'-'-’.evi.ng  st  ’bilitv  at  t'-''  '  .  y ' -(■mi— t  •■'roved 

to  be  more  difficu  n  than  py-'^'ctec  .  "’'ovi-'g  bv  h'--c’ln  ■■ . 

d.”ced  on  several  sc’"l  ''S  o‘  tests  a^f’  t  ''.s  ■  ’"ove^'  to  ho  a*  ■  g—  ■  ^ 


The  first  series  of  tests  seeking  to  stabilize  the  barge 
involved  turning  the  aft  skegs  outho.-’rd  at  various  angles.  The 
double  amplitude  of  track  variation  has  beer,  plotted  for  the 
various  test  conditions,  including  those  with  flaps  added,  with 
the  results  shown,  in  Figure  4.  '^ere,  it  is  assumed  that  stability 
in  the  prototype  will  he  achieved  when  the  double  amplitude  the 
model  track  i.s  three  beams  o'"  less,  r.e  discussed  a^ove.  A'  '  ipht 
draft  the  model  orovec  to  be  stable  with  t'-'.e  rresent  ■■heg  r.r’T.'^ge- 
ment  (0^).  At  ‘".he  7.75'  x  '^'.''5*  (-'crmal,  d-a't  It  wr.F. 

,  Q 

necessary  to  set  the  skegs  at  37-;'  to  achieve  stability.  /'it'', 
this  discouraging  develorment  further  pursuit  o^  the  heavy  -l'-- 
placement  with  this  ske.g  arrangement  was  abandoned,  and  attention 
was  turned  to  the  installation’  of  fla.p.s.  The  flaps  were  installed 
on  the  trailing  edges  of  the  skegs  and.  the-  '■eri^s  was  r'^ocated. . 
Compare,  for  example  the  two  lines  labeled  C'-nditior  HA 
ure  4.  'with  flaps  and  no  bridle  t''e.  cr'^-sse'^  t ’o 


"stable"  line  at  whereas  the  li-'o  ■’■co' 


case  cros.ses  a 


t  35lj  .  The  addition  o'"  f’ 


■ '  V\",  t  n  '  r  o  .''-IS 


■  :'.ovis 


effect 


an  tncrease  o 


f  23^  in  t'^ri 


g  a-  ’ 


11.25’  x  17.75'  draft  case 


necessarv  to  go  to 


in  o-der  to  au'^iev'’ 


tical  •  rcm  a  n-osist; 


■'Ov 


‘  o  whot’icr  c .  - 


‘nrip''  A 


SEACONV'm  '^c< 


\v  rr-.-’  V  ::n 


crnver*^ .s',':  ’  tpo 


Condi;!-'''  ’’MV,  1^  x  ' 


draft,  to  the  test  plan 


Tests  vere  repeated  with  and  without 


bridle  with  results  as  shewn  in  Figure  '  .  F‘:abi  _ v  is  achieved 
with  bridle  at  a  skeg  angle  of  2'^°  whereas  extrapolation  suggests 
an  angle  of  about  40°  without  bridle  will  be  necessary. 

A  cross  plot  on  draft  of  the  ’nformation  in  Figure  4  is  shown 
in  Figure  This  figure  shows  that  a  15°  skeg  a-'uii  ..  -"id  sta¬ 
bilize  the  barge  un  through  a  dra"t  of  9  feet  and  that  a  30°  angle 
woi'ld  achieve  stahilitv  throug’n  an  draft. 

■’.2  RESISTANCE  "^FSTS 


Resistance  tests  were  not  a  oart  o'^  the  original  sci.'po-  o': 
work  for  t'^iis  studv;  however,  it  was  “^^i:  nt'cpssa’"v  to  add  this 
asnect  of  the  n*-og*''.'r,  as  an  a.c  ' ■.•''c*’  to  t'"'  c  i''ectional  stability 
tests  in  order  to  nrooer’.y  evaluate  t’-'o  in-'oet  of  ac’"' i^vir  ■,  sta¬ 
bility  on  increase  in  resistance  and  sel^-n''0’'oiied  rnt  'd  loss. 

The  tests  showed  t'tat  '"ull  stobil  izat' sn  v''"lc  .  i''c’.cod. 
exact  a  hoavv  price  in  terms  of  resistan<.'o.  o'"  nodol 

and  prototyne  rosisTances  and  urototynr  r’-’"'s  'nr  t''s  gases  o'"  a 
clean  (smc'oth'  bo'‘tc''"  and  ‘'o*'  the  case  o'"  a  'ouied  .  ■•.h''  ’■^otto'" 

is  given  in  Table  '11  and  ■'lo'ited  'r  ''Iguro  h.  Ta.b'e  11  -M-egi  gt'' 
these  results  t'e"""  '.'■"i  — n  rad  — -inolat'cn  1''.  ?ve"  a '"g’_'’Tion  t  s 

o'"  s'^ip  sneud.  Figure  '  ''^ill---'a  -• 

resistance  rv.’"ve'-  w'  i-^-' la  ~  _ 

In  uerforni"  '  i'o  ''-li-'-  p  ''a‘'iet;  t”"  ’  v  ■. -'c 

ITCC  ‘■rictir)n  li . .  th  a  a  ,,r 

the  STTioot''’  bc't'  e.i.s  .  '  ^  ’  to"^  c'iso  :  a'  ie^o'^c  v' 

co^'r  -'■po’^c  to  t'*e  aarg  '  i*^  its  '  t ioa .  i;inco  ':'^ore 

no  way  o^  kmow  n"  exact'"  ■  'a  *“  '-Sp  -  ■  r.  ^  ic^e 
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TA’5LF. 


MODEL  AND  PROTO'^YP"  RESISTANCE  AND  '  s 


Model-  -  - 
R 

t 

c  lbs 
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-  -  -  5  -Prototype- 

^  smooth  - 

knots  lbs  do;' 
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28 
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77 
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.  00 
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FIGURE  7 

Effect  of  stabilization  on  Effective  Horsepoi'/er.  Normal  and  Heavy 
Displacements,  clean  bottom. 


is • some  question  involved  here.  Studies  '^y  Kan,  et.  al. 
and  others  have  shown  that  ^or  a  badly  fouled  bottom  the  Coeffi¬ 
cient  of  Friction  becomes  Reynolds  Number  independent  and  assumes 
a  constant  value.  The  magnitude  of  this  value  depends  on  the  extent 

of  fouling  and  tends  to  a  limiting  value;  however  there  is  not 

-3 

general  agreement  on  what  this  value  is.  A  value  of  F.5  x  10  is 

suggested  by  Kan,  et.  al.  and  several  otbo’*  authors.  Since  the 

SEACON  bottom  has  been  coated  with  hot  -Dlastic  a  somewhat  lower 

_3 

value  is  appropriate.  A  of  5.0  x  10  was  chosen  on  this  basis 
and  to  give  agreement  with  observed  speeds. 

With  the  skegs  at  0°  there  is  no  significant  increase  in. 
resistance  due  to  t’^'e  addition  of  the  flans.  At  speeds  from  5  to 
1(^  knots  the  resistance  increase  due  to  flaps  varies  from  30%  to 
14%.  With  flans  installed,  the  resistance  increases  for  the  skeg 
angle,  necessary  to  achieve  stability  for  th-  normal  and  '")eavy  dis¬ 
placements  is  shown  in  Table  V.  Increases  55  -  76%  comnared  to 
the  nresent  configuration  are  noted  for  the  normal  displacement  and 
125  -  140%  for  the  heavy  displace^’ent . 

The  magnitude  o'"  the  skeg  .angle  ■^esi.'^ tance  increment  is,  of 
course,  strongly,  in  fact  nearly  linea’'ly  dependent  on  skeg  angle, 
iess  strongly  dependent  on  soeed,  and  nearlv  independent  o'"  d?.s- 
nlacements. 

The  magnitude  o'"  these  increases  tends  to  discourage  full 
stahiJ.  izatic^  over  the  entire  displacement  rang.*.'. 

The  estimate  o'"  self-propelled  speo'.'.  'oss  involve';  some'  knowl- 


or  estim.ation  of  '’ronelsive  charai. 


it.'.'s  n 


not  measu’‘cd  1' 


these  tests.  "owever  •'t  is  known  that  with  engines  at  IS^'^  -nm 

(1)  Kan,  ,  Shl''a,  ,  "'scchida,  K.  ,  aag  Vq'^qq^  y.  ^  v'f,-.  .. 

o'"  '"ouling  o"  a  .Shin's  Full  and  Pr^'*'’''  "  .-■c*"  unon  s 

Per^’ormance, "  International  Sripbu  -..^.  .n  t  Progre'-;  ,  ..’a'  ■  .'.’■v 
1958,  Vol.  5,  No.  41 


and  with  the  bottom  in  its  present  condition  the  barge  will  make 

a  speed  of  5.2  knots.  In  addition  it  is  known  that' the  barge  made 

7.0  knots  on  trials  with  a  clean  bottom.  Using  these  scraps  of 

information  it  is  possible  to  work  backwards,  then  develop  a  rough 

projection.  First,  based  on  the  present  engines  installed  assume 

a  total  BHP  of  970  HP  at  the  output  stubs  of  the  engine  gears. 

Then  at  7.0  knots,  from  Table  IV,  the  EHP  will  be  130.  This  in 

EH'’’ 

turn  will  give  a  Propulsive  Coefficient  =  —~l;  =  .134  fo’-  the 

current  engines,  clean  bottom  case,  an  efficiency  which  is  very 

poor  by  any  standard.  Next,  assume  that  the  fouled  bottom 
-3 

Cj  =  5.0  X  10  discussed  above  applies.  Discounting  the  P.  C.  by 
20%  to  allow  for  blade  fouling  gives  a  fouled  bottom  P.  C.  o‘  ,107 
and  an  EHP  of  104  which  should  correspond  to  the  current  barge 
condition.  This  EHP,  in  turn,  gives  a  soeec  '^Figure  6)  of 
approximately  5.2  knots  correponding  to  observations.  For  powering 
following  replacement  of  the  aft  engines  we  will  assume  that  the 
full  continuous  rated  horsepower  of  the  nlant,  1020  BHP,  will  be 
developed.  This  would  give  137  E’-"'  for  the  clean  bottom  case  and 
109  EHP  for  the  fouled  blade  case.  With  the  vulnerabilitv  o*"  this 
array  of  assumptions  kept  in  mine  it  is  now  possible  to  consf^uct  a 
sneed  loss  table.  Table  VI,  whic’-^  g'v-r's  som.e  idea  of  the  imnact  of 
stabilixat ion  on  self-propelled  sne  "d  loss,  "^he  sel'^-propelled 
speed  loss  involved  in  stabilization  is  substantial — T.25  k-^-'ts  at 
the  7.75'  X  9.25'  draft  and  1.85  'xnots  at  the  ^.0’  x  12'  d’-a'^t  for 
the  clean  hotter  case.  Speed  loss  under  tow,  assumi”"  corse.'.rt: 
power  from  the  tug,  may  also  now  be  inferred  and  t’^is  is  shown  in 


Table  VII  for  the  clean  bottom  case.  Again,  substantial  speed 
losses — from  a  knot  and  a  half  to  nearly  three  knots — are  noted. 
Finally  the  impact  of  speed  loss  on  transit  time  is  shown  in 
Table  VIII.  For  this  example  a  constant  power  available  from  the 
tug  of  400  Tow  Rope  Horsepower  (TRHP)  is  assumed.  Actually,  at  a 
lower  hull  speed  of  the  tug  somewhat  greater  TRHP  will  be 
available  for  the  tow  so  that  this  assumption  is  slightly 
pessimistic.  An  outbound  draft  of  10'  x  12'  and  a  return  draft 
of  7.75'  X  9.25'  is  assumed,  further,  it  is  assumed  that  only 
a  15  skeg  angle  has  been  elected,  meaning  that  only  partial 
stabilization  will  be  in  effect  on  the  outbound  trip,  while  the 
barge  would  be  fully  stabilized,  on  the  return  trio.  Under  these 
conditions  the  times  for  a  rc.'nd  trio,  present  s’rcegs  and  15*^  skeg 
cases,  are  shown  in  the  table  for  distances  •'ore  wav)  of  500  miles, 
1,000  miles,  1.500  miles,  and  2,000  miles,  ''or  a  trip  o^  only 
500  miles  out  and  500  miles  bac’c  the  Impact  of  partial  stabilization 
would  '^ean  los.s  a  ''ull  day's  transit  time! 


THOUST^hJ  "•APAbl.blTY 


'^he  barge  operators  have  observed  that  under  ce’"tain  cond'-tions 
'ul.’  control  o'"  the  stern  of  the  ''hip  is  dif''’.c  ’lt  at  oresent,  and 
■'av  eynres'od  c.ncern  that  any  solution  to  o  dire''tionnl 
s  t a' ' 'i  prohlom  ncV.:  damage  the  l.nteral  i !  it'.'  the 

har'o's  stern. 

\'o  experimf’ ts  ’’ave  ■>'’en  cc'ducted  in  t '  s  ’''c.ard;  howeve’",  a 
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TABLE  V 


RESISTANCE  INCREASE  NECESSARY  TO 
STABILIZE  BARGE 

5.0  KNOTS  7.0  KNOTS  9.0  KNOTS 


7.75  X  9.2y 
(Skegs  @  15^ , 

DRAFT 

Flaps) 

76% 

76% 

65% 

10.0’  X  12.0' 

(Skegs  ?  30*^, 

DRAFT 

Flaps) 

148% 

140% 

125% 

TABLE  VI 

SELF-PROPELLED  SPEED  LOSS 

7.75’  X  c'.25’  Lraft  10.0'  x  12.0'  Draft 


PRESENl 

SKEGS 

TD'?T7C.  LT'^’T 

SKEGS 

■•KEGS 

.  13 

SKEGS 

?  3  o' 

Soeed,  Clear 

Bottom,  '<ts 

7.10 

5.85 

5.20 

3.35 

Speed,  ^ouled 

Bottom,  Kts 

5.35 

4.60 

4 . 10 

00 

o 

TABLE  VII 


SPEED  LOSS  ONDE R  TOV 
(Ccr.stant  "ovc-  '  .  ron  Tug) 


7.75’  X  ^.25’  DRy\FT 


NOMINAL  TOWING 

5.00 

6.00 

7.00 

^^EED  ‘-\^TEE. 

'.'•ABILIZATION, 

'1'”'^.  (Skegs  15'^ 

2,^5 

3.75 

5.*:'5 

2 . ''' ' 

2.25 

■  .  c  r 

.;,  vrvA’.  •'OWiXG 
K'-' 

''^E"D  r  -'-p 

'■  'A'- 1LL‘A"I''V. 


^  r.  1  7,  'M 


. '^.43 


7  70  •''n  " 

1 .  30  '  .  ^'3 


on  '  0 .  '■y' 


"ABLc  v:ii 


assui^e: 


(1)  CONSTANT  /-GO  ■^RH'=  AVAILABLE  FRO.V  T'JG. 

(2)  OUTBOUND  (with  SKEGS  5  15°)  AT 
10.0'  X  12.0'  DRA'^- 

(3)  RETURN  AT  7.75'  X  9,25'  DRAFT 

W  PARTIAL  STABILIZATION  -  SKEGS  3  15° 

TIME  FOR  ROUND  TRIP,  HRS 


DIST/.\NCE^  ONE  WAY 

500  M! 

1000  MI 

1500 

PRESENT  SKEG 

co\"^:guration 

1  ■>  n 

221 

331 

A'^Tcr^  STABILIZATION 

134 

250 

4^2 

LOSS  IN  tt^c^  v^rS 

24 

47 

71 

2000  M! 

442 


UT 

(O  VAl 


chnc^ffer  orope.'  '  e’r 
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visit  to  the  barge  and  inspection  of  the  wake  of  the  VrS  propulsor 
units  as  they  change  direction  reveals  the  probable  source  of  the 
difficulty.  The  aft  skeg  is  directly  in  the  path  of  one  of  the 
V-S  propulsors  race  as  the  units  swing  from  30°  to  65°  off  dead 
astern  (see  Figure  7).  The  effect  of  this  flow  interference  is 
clearly  evident  when  viewing  the  wake  from  astern.  The  least 
''shadow"  effect  will  occur  by  turning  the  skegs  into  the  flow,  a 
skeg  angle  of  about  45°.  This,  of  course,  is  not  an  acceptable 
solution  from  a  resistance  point  of  view,  as  has  been  discussed 
in  Section  3.2  However,  turning  the  skegs  outboard  thru  anv  angle 
up  to  45°  will  tend  to  improve  the  situation,  not  damage  it. 

n 

A  skeg  ang.'.e  or  20'  is  shown  in  Figure  7* 

MOVABLE  SKEGS 

A  solution  which  could  accoar  odate  the  range  of  'olutions  out¬ 
lined  in  the  previous  sections  voulc'  be  to  make  the  a^t  skegs  movab’e, 
similar  to  rudders,  except  witho’o.t  the  cc-  trol  system,  Eac’^'  mova.hie 
skeg  would  be  mounted  on  a  shaft  end  nould  ho  lacko';'  nut  to  ’ 
skeg  angle  ooropriate  for  the  o""  rating  co"! i t  io’-’s ,  ^bfn  r.-'  ^ut  d  at 
that  angle.  The  expense  such  ""  alteration  would  be  cons ichTab tv 
'.’.■-oater  than  removing  the  nresc*r''  skegs.  nro'  ’’ding  some  addit  vv'.- ' 
suoDorting  structure  in  the  hull,  t't'  nk,  ■  ^  at  ■  •  . 

angle.  '^‘i’l,  the  f  lexib  t.’.i  tv  "hie-  sol  j*:  "^.'Ves  ’t  wort’-  o’ 

considera ion ,  if  stab:' lizat on  skegs  is  ’•otained  as  a  sandi'';,’  ' 
solution. 


2'^ 


* 


•j.. 


.  <-  '..-r. 

.--A— 1-^ 


<-  w. 


3.5  STABILIZATION  BY  THE  USE  OF  A  DROGUE 


A  solution  that  has  been  suggested  is  the  use  of  a  drogue 
towed  astern  to  stabilize  the  barge.  Tests  incorporating  a  drogue 
were  included  in  the  original  Scone  of  Work  but  on  recoimnendation 
of  Giannotti  &  Buck  Associates,  Inc.,  these  were  dropped  ^roni  the 
Test  Plan.  Essentially,  the  nroblem  -Aith  a  drogue  is  that  a  inuch 
higher  drag  penalty  is  involved  for  the  same  degree  of  stabilization 
An  over-simolif ied  representation  of  the  two  cases,  skegs  and 
'’rogue,  is  shown  in  Figure  8.  Skegs  are  lifting  surfaces  and  as 
such  a  hrag-to- !. •  f t  Ratio  of  2/3  is  not  unreasonable.  Th'-.s,  the 
drag  nen^''tv  for  a  g'ven  tran.cvorse  stabilizing  iori;’.'.  .  c<'''ild  be 

I’p’’.’  ?!']'  c'l  F,  or  less  for  small  a’^gles.  On  the  other  la.nd ,  v’^cn 
a  ’■  s  used,  a  <^airly  long  scone  o'”  line  'nist  be  used  to  avoid 

t  'he  d:  '^his  '"oat's  t’'at  the  an’le  n,  ,  lower  sketch  in 

"ii’iif'e  will  be  a  small  angle  arc’  that  a  large  •'ension  in  the  line 

nc--'  nu''  to  lOF,  will  be  required  ^or  the  same  at'^wa’'ts’'' ins 
s  t  ah  i  I  i  /  rg  *'orce,  F.  Assuming  a  drag  nenaltv  for  thi>  d’"ogve  of 
I"  times  t'ne  nenaltv  of  the  skegs  (w’^'ch  is  optimistic  in 
‘‘avor  o'"  the  drogue)  t'^e  EH’’  penalties  associated  wit'n  f'C  use  o’"  a 
hrog'.'c  are  shown  '  i  Table  IX.  0’^  t'nis  basis,  stabilization  bv 


dro'vjc  •  nv  be  olimi’^a'icd  from  fu’'‘:h'”"  consideration. 


-i.c,  g'-f', t;, V.ATION  BV  I'gn  qv  nyoiME'^ 


A’  present,  the  barge  undei"  tow  is  •,  ^bi ’e’,  zed  e  e  o 
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TABLE  IX 


ESTIMATE  OF  THE  ADDED  EHP 
FOR  A  DROGUE  NECESSARY  TO 


EFFECT  STABILIZATION 


—  7.75'  X 

9.25'  DRAFT  — 

—  10.0’ 

X  12.0'  DRAFT 

SKEGS 

3  15° 

DROGUE , 

SKEGS  P  0° 

SKEGS 

@  30° 

DROGUE , 
SKEGS  o' 

3.0 

KTS 

23 

115 

118 

590 

5.0 

KTS 

39 

195 

186 

930 

7.0 

KTS 

99 

495 

360 

1800 

9.0 

KTS 

178 

890 

560 

2800 
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engines.  At  normal  draft  it  is  necessary  to  use  only  one  aft 
engine  and  propulsor  to  straighten  out  the  barge.  At  the  heavy 
displacement  or  under  severe  weather  conditions  both  after  engines 
and  propulsors  must  be  used.  Full  load  fuel  consumption  is  about 
20  gallons  ner  hour  for  each  of  the  engines,  but  it  is  estimated 
that  at  the  partial  load  involved  in  stabilization  the  consumption 
would  only  be  15  to  17  gallons  per  hour.  At  assumed  maintenance 
cost  of  $3.00  per  hour  and  fuel  cost  of  $0.50  oer  gallon,  this  would 
give  a  cost  of  about  $11.00  per  hour  for  t'^o  partial  load  use  and 
$14.^0  per  hour  for  full  load  use. 

An  interesting  study,  which  is  beyond  the  scone  of  this  work, 
would  be  to  examine  the  pronulsion  curves  of  several  typical  tugs, 
and  the  SEACON  to  determine  whether  the  least  cost  system  would  be 
to  use  a  tug  with  the  SEACON  engines  used  for  stabilization  only, 
wit'  I’le  SEACON  engines  at  “^ull  power,  or  with  SEACON  i"  the  sel^- 
pronellcd  mode  without  tug. 

3.7  COS':-  COMPARISON  —  ENGINES  VS.  SKEGS 

Consider  the  case  shown  in  Table  VIIJ.  for  a  trip  of  500  m' les 
out  ;!nd  500  miles  back.  Vith  the  compromise  solution  o'  '-kec''  at 
13  t-'c  additional  non-productive  transit  time  is  o^e  ”1’  do  . 


^  f  f 

'’L'  co^^. 

of  barge  and  crew  is 

$6,000.0*^  per  day  this  ' 

t’lC 

co^l 

achieving  stabil'zat 

ion  hv  th'  use  o*  skegs 

WO' 

lid  be  ‘^5,000.00.  On 

o  c' tr ' r  "inn c!  ’ i ^ 

tab  i  '  za '  "  o:' 

ine.s , 

two  engines  outb  ''V''c’ 

,  one  e->  .  '"eturn,  tiu' 

C  f '  s  t  o  ^ 

•ta''i’ ization  would  be  only  $■','^•50.00. 
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The  cost  of  installation  for  the  skeg  system  is  estimated  to 
be  $10  -  $12K  for  reorienting  the  skegs  in  a  fixed  position,  assuming 


that  the  conversion  would  take  place  during  a  regular  drydocking 
period  and  that  only  additional  labor,  material  and  crane  services 
would  be  involved.  Using  similar  assumptions  the  cost  of  installing 
movable  skegs  is  estimated  at  $60  -  $70K. 

On  these  premises,  the  most  cost  effective  solution  is  to 
reject  the  ixed  or  movable  skeg  solutions  and  retain  the  present 
system — stabilization  with  engines. 

4.0  CONCLUSIONS 


1.  Length  of  tow  cable  and  speed  have  little  effect  on  directional 
stability . 

2.  Trim  aft  improves  stability  characteristics. 

3.  Towing  by  bridle  improves  stability  characteristi'-s. 

4.  Directional  stability  deteriorates  with  increasino  displacement. 

5.  "the  present  configuration  is  stable  at  the  light  disnlacement 
(4.75’  X  6.25'  draft.)  At  the  normal  7.75'  x  9.25'  draft 
stabilization  can  be  achiev€*d  by  turning  the  existing  ske--. 

!  5^  outboard  and  adding  x  b"  flaps  to  t'^.c  outboard  trai''’  tv. 
I'dgi’  of  the  skeg.  T'^  .achieve  ''ull  stabilization  at  the  iO'  x  ’  .1 ' 

o 

(!raft,  skegs  .at  30  ,  ‘"ians,  .and  tv7o  by  hridle  weeh’  ''■e  n.'-ess.irv . 
At  the  11.25’  X  12.75'  draft  the  skegs  would  have  ■;  e  ’:>(■  t'j'"ned 
5  5^  with  .and  bridle  tov. 
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6.  Flaps  are  very  effective.  Addition  of  flaps  provide  the 
equivalent  of  an  Increase  of  23*^  in  skeg  angle  in  achieving 
stability,  yet  the  price  exacted,  in  terms  of  resistance, 
would  correspond  to  only  2*^°  increase  in  skeg  angle. 

7.  Turning  the  skegs  outboard  to  stabilize  the  barge  will  not 
damage  the  lateral  thrusting  capability  of  the  stern 
propulsors,  and,  in  fact,  will  nroduce  some  improvercnt . 

8.  Movable  or  adjustable  skegs  are  an  expensive  but  viable 
solution  to  the  problem  of  stabilizing  the  barge  without  using 
the  engines. 

9.  Resistance  penalties  ‘^or  stabilization  are  hi^.h.  "nr  example, 

at  the  normal  draft  and  at  7.0  knots  a  767,  inc’-e  ise  'n  n.’sistance 
will  be  required.  The  corresponding  sel f-prcpe ’  ’  .'■d  sneed  ’  oss 
would  be  about  one  and  one  quarter  knots  (c.'ean  bt'ttom.) 

10.  The  propulsive  efficiency  of  the  presenl  system  as  inferred 
from  the  known  speed  and  the  model  test  results  is  quite  poor 
— 13.4%  and  should  be  investigated  for  the  oossibi li t ies  of 
improvement.  Veil  documented  speed  tr^’a'.s  wouTd  be  holnfu’  in 
this  regard. 

11.  Speed  loss  inherrent  in  using  skeg  stabilization  v  11  increase 
tran.slt  times  in  excess  of  207'..  A  24-hc>u.r  increase  was  noted 
under  the  assumptions  in  the  500  mile  tr?'-'  studied. 

12.  In  terms  of  cost  effectiveness,  the  best  so’u'rio'-'  wi’'  be  to 

use  the  ongine(s)  for  stabilizing  ti;e  ’ear  n  c  ’ 

proven  this  to  be  an  effective  methoc'.  '  e  increase  ’’ n  'ran^;il 
time  involved  in  a  f^xed-skeg  solution  c-^u’d  hu'uce  costs  at 

least  three  times  as  great  as  the  e*'  t'-'giine^  “'or  stab  ■’ i  i  za i  c''i . 
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